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NATIONAL ADVISORY COMMITTEE FOR AEROWNAUTICS -
ADVANCE RESTRICTED REPORT

WIND-TUNNEL IWVESTIGATION OF CONTROL-SURFACE
CHARACTERISTICS. VIII - A LARGE AERODYNAMIC BALANCE
OF TWO NOSE SHAPES USED WITH A 30-PERCENT-_CHORD FLAP ON
AN WACA 0015 AIRFOIL

By Richard I. Sears and Clarence L. Gillis
SUMMARY

Force tests in two-dimensional flow have been made
in the WACA 4- by 6-foot vertical tunnel of the character-
istics of an NACA 0015 airfoil with & balanced flap having
a chord 30 percent of the airfoil chord, a flap-nose over-
hang 50 percent of the flap chord, and a tabd having a
chord 20 percent of the flap chord. The results are pre-
sented in the form of aerodynamic section characteristics
for a sealed and an unsealed gap at the flap nose.

The slope of the 1lift curve and the 1lift effective-
ness of the balanced flap were slightly less than thosse
for the NACA 0009 airfoil with the same flap. The aerody-
namic bslance of 50 percent of the flap chord caused over-
balance through some range of deflecticns for both nose
shapes tested with gaps sealed and unsealed. Ths blunt
nose shape was morc effective in reducing hinge mnments
than the medium nose shape. Unsealing the gap at the nose
of the flap caused a docrease in the slope of the 1ift
curve and an incroase in the effectivencss of the balance
for both nose shapes.

INTRODUCTIOW

The MACAL has instituted an extensive investigation of
the aerodynamic section characteristics aof control surfaces
in two-dimensional flow in an offort to determine the typos
of flap arrangement best suited for use as control surfaces
and to provide experimental data for design purposes. The
first phase of the investigation consisted of the experi-
mental determination of the pressure distribution of ths
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WACA 0CO09 airfoil with many sizes of plain flaps and tabs.
Yhe results of these tests have been pressnicd in refer-
cnce 1 in the form of parametsrs for determining the char-
acteristics of a thin symmetrical airfoil with a plain
flap of any chord.

Trhe second phase of the investigation consisted of
force-test measurements in two-dimensional flow of the
characteristics of an WACA 0GCGQ09 airfoil with a 30-percent-
airfoil-chord (0.30c) flap having various amounts of aero-
dynamic balance, various flap-nose shapes, various sizes
of gap at the flap nose, and various bevelsd trailing
edges on a flap of thickened profile. The results of
thess tests are reported in references 2 to0 6.

A series of tests has been undertaken to provide data
for the NACA 0015 airfoil with a 0.30¢c flap and a 20-
percent-flap-chord -(0.20cy) plain tab, with various flap~
balance arrangements as previously tested on the NACA 0009
airfoil. The results of the -‘tests are prescnted in refer-
ence 7 for the plain flap, in reforence 8 for the flap
with a 0.35cpy aerodynanic balance, and in the present »va-

ner for the flap with a 0.50cy aerodynamic balance,
APPARATUS AWD MODEL

The tests werc made in the NACA 4- by 6-fodt vertical
tunnel (reference 9). The test soction of this turnol has
been converted from the original open, circular, 5-foot-~
diamster Jjet to a closed, rectangular, 4- by 6-foot throat
for force tests. of models in two-dimensional flow. A
three-conponent balance asystem is used to measure 1lift,
drag,. and pitching moment’. . The hinge moments of the flap
and ‘'tab were measured 'with torque-rod balance dbullt into
the model. T

Ths 2-foot-chord by 4-foot-span model (fig., 1) was
made of laminated mahogany to the FNACA 0015 profile (table
I). TFor the present tests, it was equipped with a 0.30c
flap and a 0.20cy tab. The flap had an amerodynamic bal-
ance that extended forward of the flap-hinge axig 50 per-
cent of the flap chord. The balance had two nose shapos,
blunt and medium (fig. 1), which were made in the form of
interchangeable noss .blocks. - Table II gives stations and
ordinates for the medium-~nose flap balance. The blunt-
nose flap balance was dafined by the normal airfoil contour
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with a nose radius of approximately one-half the airfoil
thickness (fig. 1). The gap at the nose of the flap was
0.005¢ and, for the sealed-gap tests, was filled with
light grease. Thc tab was made of brass, with a nose radi-"
us approximately one-half the airfoill thickness at the tab-
hinge axis. The gap at the nose of the tab was 0.00lc and,
whon sealed-gap tests wore made, was filled with light
greasoc,

The model, when mounted in the tunnel, completely
spanned the test section. With this type of installation
two~dimengional flow is approximated; and the section char-
actoristics of the airfoil, flap, and tab may be doter-
minoed. The model was attached to tho balance frame by
torque tubes that extendod through the sides of the tunnel,
The angle of attack was set from outslide the tunnel by ro-
tating the torque tubes with an electric drive. Flap and
tad deflections were st inside the tunnel by templets and
were held by friction clamps on the torque rods that were
used in measuring the hinge moments.

TEZSTS

The tests were made at a dynamic pressure of 15 pounds
per square foot, which corresponds to an alr velocity of
about 76 miles per hour at standard sea-level conditions.
The effective Reynolds number of the terts was approximate-
ly 2,760,000, (EBffective Reynolds number = test Reynolds
number X turbulence factor. The turbulence factor for the
4~ by 6-foot vertical tunnel is 1.93.)

The flap was set at deflectionsg from 0° to 25° 1n 5°
incremonts. The tab was set at deflections from 0° %o 20°
in 5° increments for both flap-nose shapes. The tab tests
were made with the flap neutral and with both flap and tabd
gaps unsealed because in previous tests the balanced flap
vas found more effective with the gap unsealed. The blunt
and medium nose shapes were tested throughout the flap-
deflection range with the flap and tabd geps either both
sealed or both unsealed., The 1lift, the drag, and the
pitching momente of the airfoil and the hinge moments of
the flap and the tad were measured. For each flap and tabd
setting, force tests were made throughout the angle-of-
attack range at 20 increments from negative stall to pos-
itive stall. Vhen either stall position was approached,
the increment was reduced to 1° anglo of attack.

e e ey Ec T e T a e L e



T e e e A et e . e e e T L L

RESULTS

Symbols

The coefficients and the symbols usod in this paper
are definod as follows:

cy airfoil section 1ift coefficient (1/qc)
ca, airfoil section profile-drag coefficient (dg/qe)
Cm airfoil section pitching-moment coefficient (m/qc?)
Cn, flap section hinge-moment. coefficient (hp/qce”)
°h, tad section hinge-moment cosfficient (hg/qe®)
wvhers
1 airfoil section 1if%
d, ' airfoil section profile drag
m airfoil section pitching moment about quarter-chord .
. point of airfoil ‘
he flap section hinge moment
hg tab section hinge moment
c chord of basic airfoil with flap and tad neutral
Cg flap chord
Cy tab chord
q dynamic pressurse
and
. N
@, angle of attack for airfoll of infinito aspect ratio
8p flap defloction with respect to airfoil

tab doflection with respect to flap’
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The subscripts outside the parentheses represent the
factors held constant during the measurement of the param-
eters.

Precision

The accuracy of the data is indicated by the deviation
from gzero of 1lift and moment coefficients at an angle of
attack of O The maximum error in effect%ve angle of at-
tack at zero lift appears to be about X=0.2 Flap deflec-
tions were set within %2,2° Tunnel corrections, experi-
mentally determined in the 4— by 6-foot vertical tunnel,
were applied only to 1ift. The hinge moments are probably
gelightly higher than would be obtained in free air and,
consequently, the values presented are congidered conserva-
tive. The increments of profile-drag cocfficient are bo-
lioved to be accurate within *0.0005 and should be reason-
ably independent of tunnel effect, although the absolute
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value is subject to an unknown correction. Inaccuracies
in the section data presented are thought to be negligi-
ble relative to inaccuracies that will be incurred in the
applicetion of the data to finite airfoiles.

Presontation of Data

The lift, pitchlng-moment, and hinge-moment character-
igtics of WACA 0015 airfoil with a 0.30c flap arc presented
in figures 2 and 3 for the blunt and medium flap-nose shapos,
rcapoctlively, with the gaps sealed and unscaled. Some param-
eters from the curves of Tiguros 2 and & are given In tadble
ITI. Tho tadbulated slopcs wore measured at small flap de-
flections and small angles of attack wherc the curves are
lingar.

The incroments of profile-drag coefficicnt caused by
flap deflection are given in figure 4 and vere obtained by
deducting the profile-drag coefficient of the airfoil.- with
flap and tad neutral from the profile-drag cosfficlents
wvith the flap deflected, nll other factors being constant.

The eifects of deflecting a 0.20cy tad on the aerody-
namic characteristics with flap neutral at various angles
of attack are shown in figures 5 and 6 for the blunt and
medium nose shapes, respectively. The increments of 1ift
and of flap hirnge-moment cosfficient causcd by tab deflec-
tion were obtained by doducting the cosfficient with tho
tab noutral from the coefficients with the tab deflocted,
all other factors being constant.

DISCUSSION OF AERODYNAMIC SECTIONW CEARACTERISTICS
Lift

Figures 2 snd 3 show that the 1ift curves of the NA4CA
0015 airfoil for the various flap deflectiong are of tho
samo genceral shape as tho corresvponding curves for the NACA
0009 airfoil (refercence 3). At a given flap doflection,
howover, the angle of attack at which the airfoil stalls
is about 5 groater for the thicker airfoil than for the

. thinner airfoil; consequertly, the maximum 1ift coeffiociont

of the thicker airfoil was greater by about 0.4. This of-
foct may be attridbuted to the greater nose radius of tho
thicker airfoil.

The slopo of the 1lift curve oy (table III) was un-
o
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affected by the flap-nose shapes tested but was affected
considerably by gap, decreasing whem.the gap was unsealed.
This result is in agrecment with that for the NACA 0009
airfoil (reference 3). The reduction in cy due to un-

o
sealing the gap for the NACA 0009 airfoil, however, isg not
direclly comparable with that in the prosent tests inasmuch
as the gap used on the thinner airfoil was only 0.0015c as
compared with a gap of 0.005¢c for the present tests.. The
slope c, with the gap sealed was somewhat smaller for

o
the thicker airfoll than for the thinner airfoil.

The effectiveness of the Flap in producing 1lift is

indicated by thoe paramoter [ o in tabdle III., 4 com-
) ob£f,
1
parison of thoso values with the data of reforence 7 indi-
cates that the flap with a 0.50cy overhang has approxi-

mately the samec 1ift effectiveness as the plain flap ex-
cept for the flap with a blunt nose and a 0.005¢ gap, for
which the 1ift effectivenoss is slightly higher than for
tho plain flap. Thoe 1lift offectivoness of the flap with
large balance on the NACA 0015 airfoil is smaller. than for
the similar flap on the NACA 0009 airfoil exzcept for the
blunt-nose flap with a 0.005¢c gap, which gives approxi-
mately the same effect iveness on both airfoils.

The 1ift effectiveness of the blunt-nose flap is
greater than that of the medium-nose flap. Because of
separation of flow over the flap, the blunt-nose flap
lost all 1tg 1ift effectiveness when deflected more than
15° in conjunction with the angle of attack; under the
same conditions the medium-nose flap maintained its ef-
fectiveness to a deflection of 25° At flap deflections
in opposition to the angle of attack a condition that is
the normal operating Trange for a korizontal tail surface,
the flap with either nose shape was effective in produc-
ing increments of 1ift to a deflection of‘25°, the larg-
est deflection tested. Because of separation phenomena,
however, the effectiveness at large flap deflections was
not so great as that at small deflections.

Einge Moment of Flap

The nature of the distribution of pressure over the
flap on the FACA 0015 airfoil is known to be different
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from that over the flap on the NACA 0009 airfoil, This

condition 1s indicatod by the fact that the slope Che
o

is more positive and the hinge-moment coefficient curves
are linear over a smaller rsnge of angles of attack Tor
the thicker airfoil than for the thinner airfoll. The air
flow over the trailing-cdgo portion of the thick airfoil
is probably somcwvhat similar to that discussced in refer-
ence 6 for flaps of thickonod profile and beveled trall-
ing edges. ' ‘

It is important to remember that the parametcers in
table III reprosent the slopes of the curgos at zoro flap
deflection and at an angle of attack of 0 . Thoy aro
valid, thorofore, only for tho small range in which the
curvaos aro lincear and should bo uscd only as an indication
of the relativo merits of difforent flap-nose shapes. In
the calculation c¢f the characteristics of a control sur-
faco, therofore, the hinge-~moment coefficient curves (figs.
2 and 3) should be used ratkher than the tabulated param-

ctors.,

A1l thosdata in this report are for infinito aspoct
ratio. Tho effoet of finite aspect ratio on tho hingo-
nonont characteristics is discussed in roferenco 1, It
should be noted here that ¢y and ¢y will change

o fo
in magritude, and possibly in sign, with a change in as-
pect ratio. These facts are important for the subject in-
vostigation becausc the paramotoers are small and their
slgneg aro critical.

On the HACA 0015 airfoil all the flap-nose shapos
and gaps tosted on tho flap with a 0,50cy overhang gave

nore positive values of Chf than d4id similar flap ar-~
(07

rangonents on the NACA 0009 airfoil (roferencs 3). The
variation of hingo-momecnt coefficiont with flap defleo-
tion chf wvas snallor for tho balancod flap on tho

8¢
thickor than on tho thinner airfoil for all flap arrange-~
nents tosted. These effects were similar to those for a
plain flap on the WACA 0015 airfoil {(roferonce 7).

It 1s apparcnt from figures 2 and 3 that, with gaps
sealod and unsealed, the balanced flap of tho present in&
vestigation producod overbalanco through somce range of
flap defloctions for both flap-nosc shapes. The amount of




the overbalance and the rangs through wvhich it extonded

was greater for the blunt-nose flap. Unsealing the gap at

the noso of the flap caused an increase positively of Dboth

chf’ and chf , a result 3hat is in agreemont with the
o 8¢

results for the thin airfoil (reference 3).

Becauso the flap with 0.50cy overhang was overbalanced

throvghout soLiec range of deflection, it cannnt be used
without nodifications. A trailing-edge tad deflected in
tho samo dircction as thc flap nay be used in conjunction
with this flap arrangencent to overcome the overbalance of
the flap (rcference 3). Such an unbalancing tab will in-
crease the 1ift effectiveness of the flap, with the result
that the deflection required to obtain a given increment
of 1ift will not be so great as that for a conventional.
flap of the same chord. Because Chf is positive, the
oA
flap will float against the relative wind, a fact that
should cause the static stability of the airplane with
controls free to exceed that with controls fixed.

Rudders with a large positive value of chm and con-

siderable frictional damping have been reported to cause
undesirable flying qualities on a number of airplanes hav-
ing small directional stability. These airplanes showed a
tendency to oscillate in yaw but the undesirable charac-—
teristic has been corrected by making Lhm and Chﬁf Here

negative. Flight tests of one airplane at Langley Memorial
Aernsnautical Laboratory in which the rudder had a positive
value of 'cha and the airplane had a large emount of di-

rectional stability indicated that the bshavior of the air-
plane was satisfactory. 4 theoretical analysis currently
being made at the Laboratory shows that a positive value

of cha is desirable provided that other factors are prop-

oerly controlled.
Pitching FHoments

dcp
ac;,

The values of the parameters <§E_> and

listed in table III indicate the posltlon of the aerodynam—
ic conter of the airfoil. When the 1ift is varied by
changing the angle of attack, at a flap deflection of O
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the aerodvnamic coenter of thes airfoil is at the 0,235¢
point for both flap-nose shapes with the gap sealed and at
the 0,225¢ poiny for both flap-nose shapes with the 0,005¢
gap. Whon the 1ift is var%ed by changing flap deflection,
at an angle of attesck of 0 , the aerodynamic center 1s at
the 0,4lc point for both nose shapes with gap sealed and
at the 0.42c¢c point for both nose shapes with the 0.005¢
gap., The positions of the aerodynamic center for the pros-
ent tests are in good agreement with those for the airfoil
with plain flap (reference 7). The position of the aero-
dynamic center for the flap deflected is a function of
aspect ratio (refarsnce 1) and will move toward the trail-
ing edge as the aspect ratio is decreased.

* Drag

The measured values of drag cannot be considered abso-
lute because of a relatively large unknown tunnel correc-
tion. The increments of profile-drag coefficient caused
by flap deflection (fig. 4), however, should be independent
of tunnel effect. The medium-nose flap gave an increase in
pinimum profile-drag coefficient of about 0,0022 over that
of the plain flap on the same airfoil (reference 7). With
the blunt-nose flap the increase was within the experi-
mental accuracy of the tests. N

Tab Characteristics

In general, the tab characteristics for the balanced
flap are similsr to those for a tab on the plain flap
(referance 7). At a flap deflection of 0, the effective-
ness of the tab in changing the flap hinge-moment coeffl-
cients was greatest when the tab was deflected in conjunc-
tion with the angle of attack. This result is opposite
to that for a tad of thc same size on an NACA 0009 airfoil,
for which the effectiveness of the tab was greatest whén
the tab deflection and the angle of attack werc in opposi-
tion. As previously discussed, the overbalance of the
flap that occurred when the large overhang was used on the
flap may be overcome by the use of a differentlally oper-
atod unbalancing tab deflected in the same direction as
the flap.

Balancing Effectiveness of Various Overhangs

The values of the hinge-moment parameters for blunt-
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nose flaps on the NACA 0002 and NACA 0015 airfoils are pre-
sentcd as a function of aerodynamic balance in figure 7.
The data are summarized from the investigations reported

in referonces 2 to 8, with the exclusion of reference 6,
which does not deal with overhanging balances. The unsealed
gap was 0.005¢c in all cases except that it was 0.001l5c for
the largest overhang on the NACA 0009 -airfoil. The plain
unbalanced flap, because it is hinged at the cenbter of its
ncge radius, has an overhang. This overhang, however, can
contribute no balancing sffect bocause all forces normal

to the surface of the overhang act through the hinge axis.

Figure 7 shows that, for both airfoils, the hinge mo-
nents of a balanced flap were reduced by unsealing the gap.
The rate of change of hinge-moment parameters with increas-
ing aerodynamic balance was greator for the thinner airfoil
than for the thickor airfoll. On both airfoils, the flap
with 0.35cy overhang did not produce overbalance, but with
0,50cy overhang the flap was overbalanced. The parameter

C . became positive with a 0.35c¢ overhang on the thicker
a

airfoil but, on the thinner airfoil, a 0.50cys overhang was
~equirsd to produce a similar effect. :

CONCLUSIONS

The results of the tests of the NACA 0015 airfoil
with a balanced flap having a chord 30 percent of the air-
fcil chord and a flap-nose overhang 50 percent of the
fiap chord compared with the results of previous tests of
a similar flap on the WACA 0009 airfoil indicate the fol-
lowing conclusions: ‘

1. ‘The slope of the 1ift curve for the NACAL 0015 air-
fcil was slightly less than that for the NACA 0009 airfoil
and decreased when the gap at the flap nose was unsealed.

2. The 1lift effectiveness of the flap with large
balance on the NACA 0015 airf.il was practically the sane
as that of the plain flap on the same alrfoil and as that
of the sinilar flap-on the NACA 0009 airfoil.

3. The blunt-nose balance was more effective in re-
ducing flap hinge moments and caused greater overbalance
than the nediun-nose balance, but the offectiveness of the
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blunt-nose balance was not maintained %to 8o high a flap de-
flection when the flap was deflected in conjunction with
the angle of attack as that of the nedium-nose balance.

4, The nediur-nose flap causod an increase in mnini-
nun profile-drag coefficiont of 00,0022 over that of the
airfoil with plain flap, whereas the blunt-nose flap gave
no neasurable-increase.

5. The tab, whon doflected in conjunction with the
angle of attack, gave greater incremonts of 1ift and flap
hinge-morment cocificients per unit tab deflection than
when doflected in opposition to the angle of attack.

Langley fcmorial Aeronautical Laboratory,
Wational Advisory Conritteo for Acronautics,
Langley Fiold, Va.
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Table 1.~ Ordinates for NACA 0015
airfoil. [Stations and
ordinates in percent of
airfoil chord] «

Table II.- Stations and
ordinates for

medium-nose

14

0.50cf overhang.

u Low Station Ordinate
S8tation aug::o ourr::o (percent ¢) (percent o)
. o 0
0 0 0 .%2 1.4
1.25 2.27 -2 27 1.87" §§8
2. * ) - Je . .
5 5 z.d ‘z.d 2.23 30252
7. .2 =5.25 . .
Ig 5 %.Sg - -85 3090 3.8}
15 .68 -5.68 2.91 .03
20 7.17 -7.17 .92 4,20
25 7.43 -7.43 7.33 u.ig
’ag 7050 ‘7.5‘0 80 u’o
5.25 -2025 9.92 u’ou9
60 2.70 «5.70 11.97 - L. .54
70 .58 .58 12.98 k.53
80 3.28 =3.28 13.99 4#.2%
90 1.81 -1081 l .00 l“o
3 136 (613 17.25 P
100 . - 3 ° <.
100 o] 0 19.17 4.o4
L. E. radlus: 2.48 | Pasr to NACA 0015 profile to
tralling edge

Nose radius = 2,96 percent ¢

Table III.- Parameter values for a 0.30c flap with a
0.50cfr overhang on an NACA 0015 airfoil.

i Blunt nose shape | Medium nose shape
Paraneters Gap Gap Ga Gap
sealed | 0.005¢ sealed | 0.0050
acz> ' .
<;a° 5e 6, 0.095. 0.085 0.095 0.985
(oar) ! -.58 -.6’5 -.5’4 T "'“ !
Oz’ 5‘1‘
acht
( 3G 82,6, 0 .00l5 .0005 .0021
aohr
a ¥ i
Om -
'3 .
(écz)ub 6t -.160 -.165 4-.157 ] =177
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A=.056¢c

NACA 00/5 arr’or/.

T

Grease seal

or Od/c gap

-Grease seal
or . 005 gap

Blunt nose

See lable of ardinales

chord hne —

N

Grease seal

‘ ar .005¢ gap
Medium nose

NATIONAL ADVISORY
GAMMITTEE FOR-AERONAUTICS

{ figure I. ~Nose shapes fora 030c fap with Q90¢,

oz/er/mnd on an NACA Oo/5 airioil,
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